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WHAT IS CLAIMED IS: 

l\ A plasma processing method for generating plasma 
-wUrhin \ vacuum c'hair±)'ex"aTi^-TyrunB^3"ing a substrate placed on 
a substrkte electrode within the vacuum chamber, the method 
comprising 

arenerating the plasma by supplying a high- 
frequency p)^wer having a frequency of 50 MHz to 3 GHz to a 
counter electVode provided opposite to the substrate while 
interior of tb^t/Vac/^^ chamber is controlled to a specified 
pressure by iYtS^ducihg gas^nto the vacuum chamber and. 



simultaneouslt^ \ th^rei 
vacuum chambe 

procesa^ing 
plasma while plasma 
substrate is contr\Dlled 
trap provided opposite 



evacuating the interior of the 




~1 



A plasma pi 



the substrate by using the generated 
istribution of the plasma on the 
by an annular, groove-like plasma 
the substrate. 

g method for generating plasma 
pcessing a substrate placed on 
vacuum chamber, the method 



25 



within a vacu 
a substrate elect 
comprising: 

generating the pla^tia by\radiating electromagnetic 
waves into the vacuum chambe^ voSa a dielectric window 
provided opposite to the substrate \y supplying a high- 
frequency power having a frequency orN^X? MHz to 3 GHz to an 
antenna while interior of the vacuum cha^j^Der is controlled 
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t^-a specified pressure by introducing gas into the vacuum 
chaidoer and, simultaneously therewith, evacuating the 
-±n1re:ni:oLir~af — t"h^~va'OTnm~~eRalrib e r ; and 




processing the substrate by using the generated 
plasma Miile plasma distribution of the plasma on the 
substrateXis controlled by an annular, groove-like plasma 
trap provicfed opposite to the substrate. 

3. A plasma processing method according to Claim 1, 
wherein the \ substrate is processed while a portion 
surrounded by tiJie plasma trap out of a surface forming an 
inner wall surface of ^^he vacuum chamber and opposing the 
substrate has an Ar§fe 0,5 t0^2 . 5 times that of the substrate, 

4. A plasmaX processing method according to Claim 1, 
wherein the substr^e is processed while the plasma trap 
has a groove width ofi 3 mm to 50 imn, 

5. A plasma processing method according to Claim 1, 
wherein the substrate \s processed while the plasma has a 
groove depth of not . less\^than 5 mm. 

6. A plasrna processing method according to Claim 1, 
wherein the substrake is processed while the plasma trap is 
provided in the countax electrode. 

7. A plasma procs^/^tU}^ ^^thod according to Claim 1, 



wherein the plasma is 
provided outside an in 



3ula^ 



\t^d while the plasma trap is 
:inO[ ring for insulating the 
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vacuum chamber and the counterXelactrode from each other. 
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8. A i^lasitia processing method according to Claim 1, 
wherein the piasma is generated while the plasma trap is 




provl'ded JDetwfeen. ^Ke counter electrode and an insulating 
ring for insulatYng the vacuum chamber and the counter 
electrode from e^ct\ other. 

9. A plasiA^ J^rocessing method according to Claim 1, 
wherein the plasm^ iV ^^^p^^ertHd- while the plasma trap is 
provided between th)^ ^^^^um chamber and an insulating ring 
for insulating the v^ci|ifuip chamb^ar^ and the counter electrode 
from each other. 

0. A plasma processing method according to Claim 2, 
hereinXthe plasma is generated while the plasma trap is 
provided ^ the dielectric\ window, 

11. AV)lasma processiNfig method according to Claim 2, 
wherein the pS^asma is generated while the plasma trap is 
provided outsidA the dielectriA window. 

12. A plasm\ processing mWhod according to Claim 2, 
wherein the plasma \is generated Nwhile the plasma trap is 
provided between the\ vacuum chamber and the dielectric 
window , 

13. A plasma processing method \according to Claim 1, 
wherein the plasma is\\generated while Dl^ magnetic fields are 
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absent within the v&isn 



14 • A plasma p 



a vacuum chaitibe 



chamber. 




ing apparatus comprising: 
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a gad^ supply unit for supplying gas into the 
vacuum chamber; 



-an — eva^u^art^rrrg — de^srcce for evacuating interior of 

the vacuum chambe: 

a substtate electrode for placing thereon a 
substrate within thp vacuum chamber; 

a counted LeJ^ectrode provided opposite to the 
substrate electrode 

high-f recjufency power supply capable of supplying 
a high-frequency powfer having a frequency of 50 MHz to 3 
GHz to the counter electrode; and 

an annular, \ groove-like plasma trap provided 
opposite to the substrat 

15\ A plasma processing apparatus comprising: 
vacuum chamber; 
a Nsgas supply unit for supplying gas into the 
vacuum chamber)s 

an evaimating device for evacuating interior of 
the vacuum chamber; 

a substrat^ electrode for placing thereon a 
substrate within the vacuum chamber; 

a dielectric window provided opposite to the 
substrate electrode; 

an antenna for radialssing electromagnetic waves 
into the vacuum chamber via the dielSectric window; 
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high-frequency power supply capable of supplying 
a high-J^equency power having a frequency of 50 MHz to 3 
GH z to tha an .t.ejpna-; and ~ 




annular, groove-like plasma trap provided 
opposite to toe substrate. 

16. A p]>asma processing apparatus according to Claim 
14, wherein a posrtion surrounded by the plasma trap out of a 
surface forming ^ inner w^JH~5urface of the vacuum chamber 
and opposing the sij^stj?dte has an area 0.5 to 2.5 times that 
of the substrate. 

17. A plasma processing apparatus according to Claim 
14, wherein the plasma \rap has a groove width of 3 mm to 
50 mm. 

18. A plasma processiAa apparatus according to Claim 
15 ^^Il_14 <rnr57- wherei\ the plasma Ir^s a groove depth of not less 

than 5 mm, 

19. A plasma j^rocessing apjJ^ratus according to Claim 
14, wherein the plasr^a trap is p^^ovided in the counter 
electrode , 

20. A plasma proce^i'H^ apparatu^ according to Claim 
14, wherein the plasma tfr^a^ Ts provideJi in an insulating 
ring for insulating the vacuum chamber \and the counter 
electrode from each other. 

21. A plasma processing a^aratus according to Claim 
14, wherein the plasma trap \s provided \ outside an 
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insulating Ving for insulating the vacuum chamber and the 
counter electrode from each other • 

_22_. — A— pi^ma_pjio-aes-sin.g_appa-r:aiu-s— a€-G©-2rd 



14, wherein the blasma trap is provided between the counter 
electrode and an \nsulating ring for insulating the vacuum 



electrode from each other, 
5ssing apparatus according to Claim 
trap >s-'''provi^ed between the vacuum 
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chamber and the cou: 
23. A plasma 

14, wherein the plasmaN 

chamber and an insulating ls;ing foj:>-^nsulating the vacuum 
chamber and the counter electrode from each other. 

4. A plasma processir^g apparatus according to Claim 
1^, wh^ein the plasma trap \s provided in the dielectric 
window . 

25. AVlasma processing apjsaratus according to Claim 

15, wherein Vhe plasma trap i\ provided outside the 
dielectric windov 

26. A plasma \processing apparatus according to Claim 
15, wherein the plasrfea trap is provide^ between the vacuum 
chamber and the dielectVic window. 

27. A pPi^sma processing apparatus ad^cording to Claim 
14, wherein no Jsoil or permanent magnet 5for applying DC 
magnetic fields is pr^v^rt^fid within the vacuum Vhamber , 

28. A plasma pro^^^sy^-ng apparatus accor^^ing to Claim 
^^^TT^ further comprising A m^c^ing box for use ii\ the plasma 

processing apparatus and fo^ taking impedance itJatching in 
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supplying high-frequency power to a load, the matching box 
comprising: 



a high- tiequency input termmaTT 



a first rfeactive element having one end connected 
to the high-frequency input terminal and the other end 
connected to a matchaing box casing; 

a high-frequency output terminal; and 
a second \ reactive element having one end 
connected to the hidh-f requency input terminal and the 
other end connected to \the high-frequency output terminal, 

wherein the second reactive element and the high- 
frequency output terminal are so arranged that the second 
reactive element is loci^^g^S-^n a straight line passing 



through a center axis 

29. A plasma procV 
28, wherein the first 
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i-f requency output terminal, 
apparatus according to Claim 
^active element and the second 
reactive element are capacivtors, respectively. 

30. A matching box ftjr use in a plasma processing 
apparatus and for taking impedance matching in supplying 
high-frequency power to k load, the matching box 
comprising: 

a high-frequency inpJpt terminal; 
a first reactive element having one end connected 
to the high-frequency input terminal and the other end 
connected to a matching box casii 
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a high-frequency output terminal; and 

second reactive element having one end 
connected the ^h"i"g'h=^fTHiqfU'Hn'C5 — i-npixt — texmiira-l — aixd — the- 



other end coripected to the high-frequency output terminal, 

wherWn the second reactive element and the high- 
frequency outpufli terminal are so arranged that the second 
reactive element \ is located on a straight line passing 
through a center axSis of the high-frequency output terminal. 

31. A matchingYbox for a plasma processing apparatus 
10 according to Claim 3 0,\ wh§^p^^^le second reactive element 

and the high-frequency /5J^gut terminal are so arranged that 
a straight line passin^,\||:ihXo4gh X?5^^ter axis of the second 
reactive element and a ^i^^^ght line passing through the 
center axis of the high-f r^uency output terminal are 
15 generally coincident with each ofeher, 

32. A matching box for a pla\ma processing apparatus 
according to Claim 30, wherein the ^sirst reactive element 
and the second reactive element\ are capacitors, 
respectively, 

20 33. A matching box for a plasma processing apparatus 

according to Claim 30, wherein the first reactive element 
and the second reactive element are so arrangeci that a 
straight line passing through a center axis of theXsecond 
reactive element and a straight line passing through a 

25 center axis of the first reactive element are generaMy 
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coincident with each other, 

34 • A matching box for a plasma processing apparatus 

orrtput- 



accoVding to Claim IXF^ wherein ^th^ — ^hi'gh'^^^T'e'qTi-i 
terminasl is the other end itself of the second reactive 
element . 

35. A ^asma processing method for generating plasma 
within a vacuumNchamber and processing a substrate placed on 
a substrate electrode within the vacuum chamber, the method 
comprising 

line passing . through a 



cjuency coupling device, a 
,ter axis of the counter 
ght line passing through a 
t\ be generally coincident 
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so arranging 
center axis of the 
straight line passing t| 
electrode or antenna, an 
center axis of the substrai:e as 
together; 

controlling interior of the ^cuum chamber to a 
specified pressure by introducing a gas\into the vacuum 
chamber and, simultaneously therewith, ^hausting the 
interior of the vacuxam chamber; 

generating the plasma by applyingX a high- 
frequency power having a frequency of 50 MHz to 3Q0 MHz to 
a counter electrode or antenna provided opposite \to the 
substrate via the matching box as defined in ClaimlsOvand a 
high-frequency coupling device provided to connect a high- 
frequency output terminal of the matching box and Vhe 
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cqunter electrode or antenna to each other: and 

processing the substrate by using the generated 

plas\ 



A plasma processing method according to Claim VSS; 
furtherN^ comprising: before controlling the interior of the 
vacuum chamber to the specified pressure, 

sds. arranging a straight line passing through a 
center axis o\ the high-frequency output terminal and a 
straight line pa^^ing through the center axis of the high- 
frequency coupling device as to be generally coincident with 
each other, 

wherein the pld^^in//ils generated with the straight 



line passing through the 
output terminal and the s 



smrer 
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of the high-frequency 
line passing through the 
center axis of the high-f requeftscy coupling device being 
generally coincident with each other^ 

37. A plasma processing method ^cording to Claim 35, 
further comprising: before controlling Cije interior of the 
vacuum chamber to the specified pressure, 

so arranging the first reactive eXement and the 
second reactive element that a straight l\ine passing 
through a center axis of the second reactive el^ent and a 
straight line passing through a center axis of t\e first 
reactive element are generally coincident with each o^her, 
wherein the plasma is generated with the straight 



73 



^.0 



10 



15 



20 



lipe passing through the center axis of the second reactive 
elqraent and the straight line passing through the center 

_a-K-i-^^ — o-f ^t-he fa-r-s-t -rea-G-ti-ve e-l-emen-t ^be-i-ng— — g-e-ne-r-a-l-l-y" 



coincident with each other. 

38v. A plasma processing method according to Claim 35, 
comprisin^g: before controlling the interior of the vacuum 
chamber toNthe specified pressure, 

arr^ging the high-frequency output terminal so 
as to be the \ther end itself of the second reactive 
element. 



wherein the \plasmc 
frequency output terminals 
second reactive element. 

39. A plasma procc 
comprising: before conti 



"Venerated with the high- 
the other end itself of the 



th€ 



^according to Claim 35, 
interior of the vacuum 
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chamber to the specified pressure, 

arranging substantial distance\f rom the other end 
of the second reactive element to the countser electrode or 
antenna to be not more than 1/10 of wavelength\of the high- 
frequency power, 

wherein the plasma is generated v)sj_th the 
substantial distance from the other end of the \ second 
reactive element to the counter electrode or antenna MDeing 
not more than 1/10 of wavelength of the high-f reqi\ency 
power . 
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40, A plasma processing method for generating plasma 
wi"&hin a vacuum chamber and processing a substrate placed on 
_a— s-iibs-tea4;.e— eieo-t^r^ode— ^^^^^ — feh-e— me-t-hod- 



compi^Lsmg: 

so arranging a straight line passing through a 
center \axis of the high-frequency coupling device, a 
straight Vine passing through a center axis of the counter 
electrode osj^ antenna, and a straight line passing through a 
center axis dsf the substrate as to be generally coincident 
together; 

controlising inter^^qp^ Q,f the vacuum chamber to a 
specified pressure 
chamber and, simult 
interior of the vacu 
generating 
frequency power having a 



oducing a gas into the vacuum 
therewith, exhausting the 



>er; 



f requen? 
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^sma by applying a high- 
of 50 MHz to 300 MHz to 
a counter electrode or antenna provided opposite to the 
substrate via the matching box as defin^ in Claim^^^^O^ and a 
high-frequency coupling device provided to\connect a high- 
frequency output terminal of the matching \box and the 
counter electrode or antenna to each other; and 

processing the substrate by using the generated 

plasma . 

41. A plasma processing method according to Claim 40, 
further comprising: before controlling the interior ofi the 
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^aeuum chamber to the specified pressure, 

so arranging a straight line passing through a 
-G&n^^e-r — axis — — the — ^high— £requen-G^ — au-tpu-t — ^te-p-irwrn-a-l — and — a- 



straigiit line passing through the center axis of the high- 
frequenoy coupling device as to be generally coincident with 
each othej 

whVrein the plasma is generated with the straight 
line passing through the center axis of the high-frequency 
output terminal and the straight line passing through the 
center axis of the. high-frequency coupling device being 
generally coincident wosth each other. 

42. A plasma proces\ing^?fe'eR9d according to Claim 40, 
further comprising: beford'y^^ntrol ling the interior of the 



eca/:: 



vacuum chamber to the s 

so arranging th 
second variable capacitor 



^p:f es^ure, 

iable capacitor and the 
that a Nstraight line passing 
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through a center axis of the second variable capacitor and 
a straight line passing through a center^xis of the first 
variable capacitor are generally coincident \ith each other, 
wherein the plasma is generated withNihe straight 
line passing through the center axis of the secon^ variable 
capacitor and the straight line passing through tn^ center 
axis of the first variable capacitor being geJ^erally 
coincident with each other. 

43. A plasma processing method according to ClaiA 40, 
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iomprising: before controlling the interior of the vacuum 
cnamber to the specified pressure. 



KTiTBTi-gtnq — thre— h-i^h— frequ-enrey— ou-tpu-t — ^be-rm-i-na-1 — ^se- 
as \o be the other end itself of the second reactive 
elemei\t, 

wherein the plasma is generated with the high- 
f requency\output terminal being the other end itself of the 
second variable capacitor, 

44. A pr^ma processing method according to Claim 40, 
further comprisirr&: before controlling the interior of the 
vacuum chamber to tn^s specified pressure, 

arranging su^tanjii^i^^aistance from the other end 
of the second variable c^^^aJeitor to the counter electrode 

1/10 of wavelength of the 



r e^ 
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or antenna to be not 
high-frequency power, 

wherein the plasma iX generated with the 
substantial distance from the otheiv end of the second 
variable capacitor to the counter electrode or antenna to 
be not more than 1/10 of wavelength of the\iiigh- frequency 
power . 

45. A plasma processing apparatus comprisin 
a vacuum chamber; 

a gas supply unit for supplying gas ii\to the 
vacuiom chamber; 

an evacuating device for evacuating interidr of 
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the\ vacuum chamber; 

a substrate electrode for placing thereon a 



s ub st^fate within the vacuuitr-r;h"aTrib-exv 

a- counter electrode or an antenna provided 
opposite Nto the substrate electrode; 

d.gh-frequency power supply capable of supplying 
a high-frequency power having a frequency of 50 MHz to 300 
MHz to the courier electrode or antenna; 

the matting box as defined in Claim (30; |and 
a high- frequency coupling device f or^~-^onnecting 
the high-frequency out'Wit terminal of the matching box and 
the counter electrode or Xntenng^:^5^ach other, 

wherein a straijgivif liiie passing through a center 



ice, a straight line 
counter electrode or 
through a center axis 
s to be generally 
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axis of the high-frequ 
passing through a cent' 
antenna, and a straight 1 
of the substrate are so arranged 
coincident together . 

46. A plasma processing apparatus according to . Claim 
45, wherein a straight line passing through a Venter axis of 
the high-frequency output terminal and a straight line 
passing through the center axis of the high\f requency 
coupling device are so arranged as to be generally 
coincident with each other. 

47. A plasma processing apparatus according to c\Laim 
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45y-\ wherein the first reactive element and the second 
reactive element are so arranged that a straight line 



passing through a cen €er axi~s — O'f the — s-ec end — -r^s-a-s-t-iv-e- 

eleme]it and a straight line passing through a center axis 
of the Virst reactive element are generally coincident with 
each otheV) 

48, A plasma processing apparatus according to Claim 
45, wherein «ie high-frequency output terminal is the other 
end itself of tPv^ second reactive element. 

49. A plasm^processing apparatus according to Claim 



m the other end of the 
counter electrode or antenna 
f the high-frequency 
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45, wherein substantaS^l distan 
second reactive element 
is not more than 1/10 o 
power . 

50. A plasma processilhg ip^^atus comprising 
a vacuum chamber; 

a gas supply unit for sup^ying gas into the 
vacuum chamber; 

. an evacuating device for evacuating interior of 
the vacuum chamber; 

a substrate electrode for placing \thereon a 
substrate within the vacuiom chamber; 

a counter electrode or an antenna {provided 
opposite to the substrate electrode; 

high-frequency power supply capable of supp\Lying 
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-high-frequency power having a frequency of 50 MHz to 300 
Ml\z to the counter electrode or antenna; 

th'e~TriHirchirig— box— a-s— de-f-i-ned— t 



a high-frequency coupling device for connecting 
the hNigh-frequency output terminal of the matching box and 
the coiii;iter electrode or antenna to each other, 

wherein a straight line passing through a center 
axis of th^ high-frequency coupling device, a straight line 
passing throiiah a center axis of the counter electrode or 
antenna, and a ^straight line passing through a center axis 
of the substrat^v are so arranged as to be generally 
coincident together . 

51. A plasma proc'^s^n^^r^S^ratus according to Claim 
50, wherein the plasma ^^4mkn^^ while the straight line 
passing through the c^^er\ai^is q£ the high-frequency 

passing through the 
coupling device are so 



requency 
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output terminal and the 
center axis of the high- 
arranged as to be generally coincident \ith each other 

52. A plasma processing apparatus according to Claim 
50, wherein a first variable capacitor and a \econd variable 
capacitor are so arranged that a straight iJ.ne passing 
through a center axis of the second variable capacitor and a 
straight line passing through a center axis of tl^e first 
variable capacitor are generally coincident with eachV)ther 

53.. A plasma processing apparatus according to \;laim 
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50;^ wlaerein the high-frequency output terminal is the other 
end itse^l^ of the second v^r^^fecfe capacitor, 

54. A pl>sJtia pro ebbing appar_atus_aaaQ.r:dl-i:i^g— I^q— m-P^-i-7Ti- 



50;. wherein substantiWvj^^g^^^ f ^oi^ the other end of the 
second variable . capaiiAJar 1 to the counter electrode or 
antenna is not more t^an-^/^0 of wavelength of the high- 
frequency power. 



